We used Rhodizonic acid dihydrate (Alfa Aesar, 98%) and lithium carbonate (Sigma Aldrich, 99%) to synthesize Li 4 C 6 O 6 . A small amount of de-ionized water (18 mL) was slowly added to the mixture consisting of rhodizonic acid dihydrate (1.828 g) and lithium carbonate (0.65 g). The solution was stirred over 10 hours at room temperature and then centrifuged at 4000 rpm for 15 minutes. The precipitate was rinsed with acetone. The final product, Li 4 C 6 O 6 , was obtained by annealing the filtered powder at 673 K for 1 hour under an argon atmosphere.
Predicted structures by systematically generated a series of stacking patterns of the C 6 O 6 layers
We systematically generated a series of stacking patterns of the C 6 O 6 layers by gradually sliding the layers within the delithiated simulation cell of tilted structure B. We performed our multi-scale computational method with over 300 layered stacking C 6 O 6 frameworks. Crystal structure parameters and DFT energies of 50 most stable structures are tabulated in Table S2 . Atomic coordinates of the global minimum structure of Li 4 C 6 O 6 , denoted as C, are tabulated in Table S3 . Table S2 . Crystal structure parameters and DFT energies of top 50-ranked stable structures with various stacking patterns of the C 6 O 6 layers within monoclinic simulation cell. The global minimum structure of Li 4 C 6 O 6 predicted with our multi-scale procedure is denoted as C. Predicted structures by random stacking of C 6 O 6
We considered various C 6 O 6 frameworks with possible packing arrangements in all 14 reasonable space groups. We used the Polymorph in MS modeling version 4.2 (Accelrys Inc.) 2 to generate possible C 6 O 6 stackings for the 14 most plausible space groups. 3 This module efficiently examines the large search domain by using Monte Carlo simulated annealing process (MC-SA), and generates thousands of possible C 6 O 6 packing arrangements. We generated 113 possible C 6 O 6 frameworks, as tabulated in Table S6 , and performed our multi-scale computational method with these frameworks and obtain crystal structures the lowest 20 of which are in Table S7 . Figure S8 . Comparison of XRD patterns from stable predicted Li 4 C 6 O 6 structures among random stacking structure in Table S7 with experiment. 
